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[57] ABSTRACT

The present invention relates to multilayered filter films. and
in particular, a multilayered filter film not having a substrate
and a method for making the same. The method for making
the multilayered filter film not having a substrate includes a

step for forming a filter frame layer having a window on the

substrate, a step for forming a multilayered film on the
substrate inside the window and on the filter frame layer. and

a step for removing the substrate from the filter frame layer
and the multilayered film.

6 Claims, S Drawing Sheets
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MULTILAYERED FILTER FILMS AND
METHOD FOR MAKING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates multilayered filter films
having wavelength selectivity and methods of making the
same. In particular, the present invention relates to a mul-
tilayered filter film not having a substrate. in other words, in
which the substrate for forming the multilayered film is
removed. and a method for making the same.

2. Description of the Related Art

In general. multilayered filter films are produced by
forming multilayered films on transparent substrates, e.g.
glass substrate. However, since the optical path length
increases as much as the substrate thickness in such multi-
layered filter films having substrates, a collecting lens is
required to collect the diffused light when the multilayered
filter film is provided between optical fibers as a wave
combining or dividing filter, or between a laser diode and a
photodiode.

A multilayered filter film not having a substrate is pro-
posed in Japanese Laid-Open Patent No. 4-7505 in which
the substrate is removed after a multilayer is formed on the
substrate. In accordance with such a multilayered filter film
not having a substrate. the small size in devices can be
achieved corresponding to the substrate volume. Further, the
collecting lens can be omitted because of the decreased
thickness when the multilayered filter films are provided
between optical fibers as a wave combining or dividing filter,
or between a laser diode and a photodiode.

Since the multilayered filter film not having the substrate
set forth above consists of only the multiple deposited films,
some deformations, such as curling, occur due to the internal
strain and the difference of the thermal expansion coefficient
between layers, so desired optical characteristics can not be
achieved. Therefore, when such a multilayered filter film is
placed between optical fibers or between a laser diode and
a photodiode as a wave combining or dividing filter, the tip
of the optical fiber or a glass may be contacted to both
surfaces of the multilayered film. However. it is remarkably

difficult to handle the multilayered film since the film has a
thickness of approximately 5 to 10 um.

SUMMARY OF THE INVENTION

It i1s an object of the present invention to solve the
above-mentioned drawbacks, and in particular to provide a
multilayered filter film not having a substrate and a method
for producing the same. which has desired optical charac-
teristics due to no deformation, such as curling. and is easy
to handle.

A method for making a multilayered filter film in accor-
dance with the present invention includes a step for forming
a filter frame layer having a window on a substrate, a step
for forming a multilayered film on the substrate inside the
window and on the filter frame layer, and a step for remov-

ing the substrate from the filter frame layer and the multi-
layered film.

Further. a method for making a multilayered filter film in
accordance with the present invention includes a step for
forming grooves for cutting into a plurality of filter chips on
a single crystal Si substrate in the cleavage direction; a step
for forming a filter frame layer having a window on the
substrate along the groove; a step for forming a multilayered
film on the substrate inside the window and on the filter
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frame layer; a step for cutting the substrate along the groove
on which the filter frame and the multilayered film is
formed; and a step for removing the substrate from the filter

frame layer and the multilayered film.

Moreover. a method for making a multilayered filter film
in accordance with the present invention includes a step for
forming a filter frame layer having a window on a substrate;
a step for forming a first protective layer for protecting a
multilayered film on the substrate inside the window and on
the filter frame layer; a step for forming the multilayered
film on the protective layer so that it will not stick out of the
protective layer; a step for forming a second protective layer
on the multilayered film so that it will stick out of the
multilayered film; and a step for removing the substrate
while cutting into a plurality of chips at the position which
the multilayered film sticks out.

In the methods set forth above, a groove is formed along
the frame on the filter frame layer, and the multilayered film

is formed on the groove.

In addition, in a multilayered filter film in accordance with
the present invention. a multilayered film is formed on a

filter frame layer having a window,. and inside the window
so that the lower surfaces of the multilayered film and the
filter frame layer are formed on the same plane,

Further, in the multilayered filter film in accordance with
the present invention, a protective layer is provided so as to
cover the upper. lower and side surfaces of the multilayered

film.

Moreover, a groove is formed along the frame on the filter
frame layer, and the multilayered film is formed on the
groove.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B, 1C and 1D are illustrative cross-sectional
views of a process for producing a multilayered filter film
not having a substrate in accordance with the first embodi-
ment of the present invention;

FIG. 2 is a cross-section and planer views illustrating
another embodiment of the frame layer in FIG. 1;

FIGS. 3A. 3B, 3C, 3D and 3E are illustrative cross-
section views of a process for producing a multilayered filter
film not having a substrate in accordance with the second
embodiment of the present invention;

FIGS. 4A. 4B. 4C and 4D are illustrative cross-section
views of a process for producing a multilayered filter film
not having a substrate in accordance with the third embodi-
ment of the present invention; and

FIG. 5 is an illustrative view of an optical wave dividing
unit to which the multilayered filter film in accordance with
the present invention is applied.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments in accordance with the present invention
will be explained in reference to figures.

FIGS. 1A, 1B, 1C and 1D are illustrative cross-section
views of a process for producing a multilayered filter film
not having a substrate in accordance with the first embodi-
ment of the present invention. In the process shown in FIG.
1. a filter chip F having a rectangular filter window 4 is
produced as shown in FIG. 1D. A substrate 1 is used as a
base in the process and will be removed later. The substrate
1 is composed of Si. a metal. or the like, and has a thickness
of 1,500 pm, for example.
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As shown in FIG. 1A, a frame layer 2 is deposited on the
substrate 1 to held a multilayered filter film by ion beam
sputtering to a thickness of 5 to 10 pm. for example.
Materials for the frame layer 2 are selected from those
having almost the same thermal expansion coefficient as the
substrate 1 so that the internal strain can be minimized and
thus the multiple layers are not deformed. For example.
Si,N, may be used for the Si substrate. or Al may be used
for a metal substrate.

Then. a multilayered film 3 having a desired wave
selectivity. such as TiO, or SiO, is deposited on the substrate
1 and the frame layer 2 as shown in FIG. 1B. Since the
multilayered film 3 inside the window 4 of the filter is
formed on the substrate 1. the lower surfaces of the frame
layer 2 and the multiple layer 3 are formed on the same
plane. After the multilayered film 3 is cut into chips as
shown in FIG. 1C. the substrate is removed as shown in FIG.
1D. In such a way. filter chips each having the frame with the
filter window 4 are produced. The step for cutting the
substrate FIG. 1C and the step for removing the substrate in
FIG. 1D are exchangeable each other.

Since the multilayered film 3 of the filter chip F is held by
the frame layer 2 at its periphery. and the widow 4 sur-
rounded by the frame layer 2 acts as the filter section having
a wave selectivity, the multilayered film can be prevented
from any deformation such as curling and has desired optical
characteristics. The shape of the window 4 is not limited to
rectangular, but may be circular, for example. A groove 2a
may be provided in the center of the frame layer 2 in order
to increase the strength between the frame layer 2 and the
multilayered film 3 as shown in FIG. 2.

FIGS. 3A. 3B. 3C, 3D and 3E are illustrative cross-
section views of a process for producing a multilayered filter
film not having a substrate in accordance with the second
embodiment of the present invention. In the second
embodiment, single crystal Si is used as the substrate 1.
V-shape grooves la are formed on the lower surface of the
single crystal Si substrate 1 along its cleavage direction to
cut into chips as shown in FIG. 3A. Then, frame layers 2
having windows 4 are formed on the substrate 1 along the
V_shape grooves la as shown in FIG. 3B, and a multilayered
film 3. such as TiO,. or SiO,. having a desired wave
selectivity, is deposited on the substrate 1 and the frame
layer 2 as shown in FIG. 3C. After the multilayered film with
the substrate is cut into chips along the V-shaped grooves la
as shown in FIG. 3D, each chip with the substrate is dipped
into a hydrofluoric acid solution to dissolve the substrate 1.
In such a way, the filter chip F having the frame with the
filter window 4 is produced by removing the substrate.

FIGS. 4A. 4B, 4C and 4D are illustrative cross-section
views of a process for producing a multilayered filter film
not having a substrate in accordance with the third embodi-
ment of the present invention. Materials. such as TiQ, and
Si0,. readily undergo in their compositions by external
water, resulting in the changes of their wave selectivity.
Therefore. when such filters are used for a light amplifier in
which the transmitted light is amplified by pumping light.
the amplification cannot be carried out appropriately. In the
third embodiment. transparent, dense protective films Sa and
b stable to humidity. e.g. MgF2. AIN, AION. SiAION. and
SiON films are deposited on the upper and lower surfaces of
the multilayered film 3 with a planer method to prevent the
penetration of external water.

After a frame layer 2 having a window 4 is formed on the
substrate 1 as shown in FIG. 4A. a first protective film Sa is

formed so as to cover entirely the substrate 1 and the frame
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layer 2 as shown in FIG. 4B. Then. a muitilayered film 3 is
formed on the entire first protective film Sq, and unnecessary
multilayered film 3 is removed by etching so that the region
corresponding to the window 4 and a part of its periphery are
covered and its outer section is not covered. In such a way.

the first protective film Sa is formed so that the multilayered
film 3 will stick out as shown in FIG. 4C.

After a second protective film 5b is formed on the
multilayered film 3 and its peripheral first protective film Sa
as shown in FIG. 4D. the substrate is removed and the
multilayered film is cut into chips at the position at which the
protective film sticks out of the multilayered film. As the
result. the filter chips F. of which the upper, lower and side
surfaces of each multilayered film 3 are entirely covered
with the second protective film 5b, are produced.

FIG. 5 is an illustrative view of an optical wave dividing
unit 10 to which the multilayered filter film set forth above
is applied. The optical wave dividing unit 10 comprises the
above-mentioned filter chip F having the frame. optical
fibers 11 processed so that the diffused light decreases at
their tips. a Si substrate 12 with a guide which is shaped by
machining or etching to guide the filter chip F and optical
fibers 11. and a cover 13 to cover the substrate 12. The filter
chip F is fixed to the frame layer 2 by laser welding. The
position of the filter chip F can be readily adjusted by using

the surface of the frame layer 2 which is present in the same
plane with the multilayered film 3.

Such a thin light dividing unit 10 having the structure set
forth above enable the distance between optical fibers 11 to
decrease when the filter chip F is positioned between fibers
11. so a collecting lens can be omitted. Further, since the
filter chip has a frame, deformation including curling can be
prevented and thus a desired wave dividing characteristics
can be achieved.

What is claimed is:

1. A method for making a multilayered filter film com-
prising: a step for forming a filter frame layer having a
window on a substrate; a step for forming a multilayered
film on the substrate inside said window and on the filter
frame layer; and a step for removing said substrate from said
filter frame layer and said multilayered film.

2. A method for making a multilayered filter film in
accordance with claim 1. wherein a groove is formed along
the frame on said filter frame layer. and said multilayered
film is formed on the groove.

3. A method for making a multilayered filter film com-
prising; a step for forming grooves for cutting into a plurality
of filter chips on a single crystal Si substrate in the cleavage
direction; a step for forming a filter frame layer having a
window on the substrate along said groove; a step for
forming a multilayered film on the substrate inside said
window and on said filter frame layer; a step for cutting the
substrate along said groove on which said filter frame and
said multilayered film are formed; and a step for removing
said substrate from said filter frame layer and said multi-
layered film.

4. A method for making a multilayered filter film in
accordance with claim 3. wherein a groove is formed along
the frame on said filter frame layer, and said multilayered
film is formed on the groove.

5. A method for making a multilayered filter film com-
prising: a step for forming a filter frame layer having a
window on a substrate; a step for forming a first protective
layer for protecting a multilayered film on the substrate
inside said window and on said filter frame layer; a step for
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forming the multilayered film on said protective layer so that 6. A method for making a multilayered filter film in

it will not stick out of said protective layer; a step for accordance with claim §. wherein a groove is formed along

forming a second protective layer on said multilayered film the frame on said filter frame layer. and said multilayered
so that it will stick out of the multilayered film; and a step film is formed on the groove.
for removing said substrate while cutiing into a plurality of 5

chips at the position which said multilayered film sticks out. * ok ok %k F
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